OBJECTIVE -Because of age-related developmental and cognitive issues, children Ͻ10 years of age may not be able to wear an insulin pump safely when they are not under direct parental supervision. The purpose of this study was to determine if insulin pump therapy at nighttime only, when children are at home, could improve fasting and nighttime blood glucose levels without adverse effects.
S
ince the introduction of continuous subcutaneous insulin infusion (CSII) in the late 1970s, it has become apparent that the use of insulin pump therapy to treat type 1 diabetes has many potential benefits (1) (2) (3) (4) (5) (6) . CSII may be a more physiological way to deliver insulin, and numerous studies have shown that it can improve glycemia (7) (8) (9) (10) . However, as with any advanced medical technology, to minimize risk and maximize benefit, patients who wear an insulin pump must have sufficient knowledge and skills and the appropriate attitude to use CSII successfully (11) . Subjects must be able to wear and protect the pump, to deliver bolus and basal insulin dosages, and to suspend insulin delivery if indicated.
In pediatrics, insulin pump therapy may be limited. Because of many developmental and cognitive issues, young children Ͻ10 years of age may not be able to wear the insulin pump safely when they are in school and not under direct parental supervision or in the care of another adult willing to assume responsibility for their diabetes care. As a result, we began to investigate whether there were alternative ways to use CSII in young pediatric subjects while ensuring safety.
The purpose of the present study was to determine if the use of the insulin pump at nighttime only could improve glycemia in young children with type 1 diabetes. Because children Ͻ10 years of age are at home and in the care of their parents at night, we hypothesized that these children could use an insulin pump during the night to improve nighttime and fasting blood glucose levels without increasing hypoglycemia.
RESEARCH DESIGN AND METHODS

Study population
The study population consisted of 10 children Ͻ10 years of age who had a history of nighttime hypoglycemia and/or hyperglycemia. The mean age of the subjects was 9.2 ± 1.1 years; the mean duration of diabetes was 3.4 ± 1.6 years; the mean insulin dosage was 0.9 ± 0.3 U и kg Ϫ1 и day Ϫ1 (distributed as ϳ60-70% in the morning [25-30% rapid-acting and 70-75% intermediate-acting insulin], 15-20% rapid-acting at dinner, and 15-20% intermediate-acting insulin at bedtime); the mean HbA 1c value was 7.6 ± 0.9% (range 6.4-9.4%).
Study protocol
As shown in Fig. 1 , the study was a randomized crossover design that included treatment with a MiniMed 507C insulin pump (MiniMed, Sylmar, CA) containing rapid-acting lispro insulin (Humalog; Eli Lilly, Indianapolis, IN) during the nighttime only. The insulin dosage was determined by decreasing by 20% the average total insulin dosage per day over the preceding 3 days. The basal infusion rate was calculated to be Insulin pump at nighttime only 50% of the total dosage; 60% converted to NPH got the A.M.-to-dinner coverage and 40% as the basal rate for the pump to cover from dinner to morning. The remaining 50% of the total dosage was changed to rapid-acting insulin using 0.5 U insulin per 15 g of carbohydrate for meals and snacks. The dinner and bedtime snack boluses were given with the use of the pump; for every 15 g of carbohydrates consumed with dinner and the bedtime snack, 0.5 U insulin was administered. The prebreakfast rapid-acting lispro insulin was delivered by use of the pump or was mixed with the intermediate-acting NPH insulin, which was administered with the use of a syringe before the catheter was disconnected for the day. The pump catheter was left in place for 3 days; the pump was disconnected during the day and remained at home. Reconnection of the pump occurred for the dinner bolus of insulin. This regimen was compared with 3 injections per day of lispro and NPH before breakfast, lispro before dinner, and NPH before bedtime. Additional insulin for correction of blood glucose levels Ͼ150 mg/dl was given in both groups before meals and bedtime by using a correction dosage of 0.5 U for every 50 mg/dl that the blood glucose level was Ͼ150 mg/dl.
After informed consent was obtained, there was a 4-week stabilization period (period 1) for all subjects, during which 3 injections of insulin were given per day. Half of the subjects were then randomly assigned to begin therapy with the insulin pump, and the remainder continued therapy with insulin injections. After a 2-week stabilization period, during which insulin dosage adjustment for both groups was performed by 1 individual, the first study period began and lasted 4 weeks (period 2). At the end of this period, subjects were crossed over, and the protocol was repeated (period 3). During the dosage-adjustment period, 8 of 10 subjects, while on the insulin pump, required an increase in the basal infusion rate by 0.1-0.2 U/h from dinner until midnight.
Blood glucose levels were obtained by finger-stick measurements (One Touch Profile; LifeScan, Milpitas, CA) before meals (breakfast, lunch, and dinner), at bedtime, and at 3:00 A.M. Comparisons were made between the mean values at these times and the mean average blood glucose level. In addition, the mean percentage of blood glucose levels within, greater than, and less than the target range of 70-150 mg/dl was evaluated. Comparisons were made between period 1 and periods 2 and 3 combined, during which injections were given, and periods 2 and 3 combined, during which the insulin pump was used. In addition, comparisons were made between the mean serum fructosamine (normal range Ͻ250 µmol/l) (Endocrine Science Laboratory, Tarzana, CA) values obtained at these times. Mean HbA 1c levels (DCA 2000; Bayer, Tarrytown, NY), mean insulin dosage per kilogram, mean scores on measures of adherence (12) and the fear of hypoglycemia (13) , and mean BMI were compared between period 1 and the periods during which the insulin pump was used. Statistical analysis was done by paired and unpaired t tests.
RESULTS -
The results of this study are given in Table 1 . There were no differences in the mean average; premeal (breakfast, lunch, and dinner), bedtime, and 3:00 A.M. blood glucose levels; the percentage of blood glucose levels within, greater than, and less than the target range; and the mean fructosamine values at the end of the pump periods compared with those at the end of period 1. In addition, there was a significant increase in the percentage of blood glucose levels within the target range and a significant decrease in the percentage of blood glucose levels less than the target range at the end of the pump periods compared with those at the end of period 1. These results were in contrast to what was seen for the time periods during which the insulin pump was used. As shown, there was a significant decrease in the mean average, breakfast, and 3:00 A.M. blood glucose levels and the mean fructosamine values during the pump periods compared with those during period 1. Table 1 shows also the comparison of the combined insulin injection groups with the combined insulin pump groups from periods 2 and 3. As shown, there was a significant decrease in the mean average, breakfast, and bedtime blood glucose levels and mean fructosamine values, and there was an increase in the percentage of blood glucose values within the target range for the pump groups, as compared with those of the injection groups. There was no difference in blood glucose results when use of the pump in period 2 was compared with use of the pump in period 3.
Results on the adherence and fear of hypoglycemia measures after the periods of using the pump showed that, as compared with the scores during period 1, there was a significant increase in the scores on adherence (77 ± 11 vs. 86 ± 6, P Ͻ 0.04) and a decrease in the fear of hypoglycemia (27 ± 15 vs. 12 ± 9, P Ͻ 0.02). Similarly, there was a decrease in the mean total insulin dosage (0.9 ± 0.3 vs. 0.7 ± 0.2 U и kg Ϫ1 и day Ϫ1 , P Ͻ 0.05) after the insulin pump periods. However, there was no change in BMI (18.9 ± 1.9 vs. 18.7 ± 2.4) or the mean HbA 1c values (7.6 ± 0.9 vs. 7.5 ± 0.6%). During the study, there were no apparent catheter occlusions.
CONCLUSIONS -These data reveal that use of the insulin pump at nighttime only had benefits for young children with type 1 diabetes. Despite the small sample size and limited duration of this study, it appears that nighttime use of the pump improved glycemia, as evidenced by decreased fructosamine values. After connecting the pump and taking the dinner bolus of insulin matched to the carbohydrate intake of the meal, blood glucose levels before bedtime, at 3:00 A.M., and in the morning before breakfast were more often in the target range. This improvement was accomplished with less hypoglycemia and a reduction in overall insulin dosage. It was also associated with improved adherence with the diabetes regimen and improved quality of life due to a diminished fear of hypoglycemia. As expected, there were no differences in lunch and dinner blood glucose levels with the pump compared with those with injections; using the pump at nighttime only does not appear to affect those time periods.
Insulin pump therapy has been documented to lead to improved glycemia in a variety of clinical conditions. It appears to benefit pregnant women (4, 14) and difficult-to-manage patients (15, 16) . Moreover, it has reduced retinopathy (17,18), hyperlipidemia (19, 20) , and hypoglycemia unawareness (6) in adult type 1 subjects. In adolescents and older children, it has been shown to ameliorate the recurrent diabetic ketoacidosis (9) and the growth delay (5) associated with poor diabetes control. As recently reported by Boland et al. (21), the insulin pump has been shown to be a superior modality compared with multiple injection therapy for adolescents attempting to achieve the intensive type of outcome seen in the Diabetes Control and Complication Trial (22). In the study by Boland et al. (21), adolescents who chose insulin pump therapy were able to maintain an HbA 1c level of 7.5% at the end of a 12-month time period. Not only did these subjects improve glycemia and therefore reduce their risk of long-term complications, but they experienced a significant reduction in the rate of severe hypoglycemia.
However, few studies conducted with CSII have focused on preteen and younger children. It is unclear whether CSII is as beneficial in young children, because young children may not have the skills, the cognitive development, and the maturity to use CSII safely and successfully. There is a concern that CSII may not be able to be managed when children are at school and not under the direct supervision of their parents. This concern has led to the unwillingness of health care providers to recommend the insulin pump for preteen children.
According to Wysocki et al. (23,24), children 7-10 years of age are just beginning to master some of the technical tasks and are beginning to gain some of the cognitive skills required for diabetes management. These children can learn to administer insulin, although they cannot prepare the syringe. They can understand some aspects of the nutritional plan, although they cannot comprehend carbohydrate management or counting. Although they understand that high blood glucose levels require a correction dosage of insulin, they are not consistently able to determine the quantity of that correction dosage. These children may know that exercise has an effect on blood glucose levels; however, they do not know how to adjust their insulin regimen to counterbalance the impact of planned or unplanned activities on diabetes control. Therefore, these young school-aged children, although they have emerging skills and knowledge, still require supervision.
While children are in school and away from their parents, little is required of them if they are on insulin-injection therapy. They have taken their morning injection at home, and, for the most part, they do not need to take additional insulin while they are in school. The only procedure they are required to perform is a finger-stick blood glucose determination, which markedly contrasts what is required if they are to wear an insulin pump. Because the pump catheter can become dislodged and the pump can stop functioning, those who wear an insulin pump must be prepared at all times to reinsert the infusion catheter or trouble-shoot complications with insulin delivery. They must have the cognitive ability to calculate the dosage of insulin required for lunch, to take into account how to correct for an abnormal blood glucose value, and to accordingly adjust the bolus for the meal. They must also know what to do for planned and unplanned activities and when to suspend insulin delivery if indicated. Most importantly, they need to have the appropriate attitude to protect the pump and to feel safe wearing it, and they must be psychologically prepared to deal with using it.
Children 7-10 years of age often do not possess all of the aforementioned qualities that would enable them to use CSII throughout the entire day, particularly when they are in school. After Schiffrin and Belmonte (25) and Kanc et al. (26) suggested that the insulin pump could be used intermittently in conjunction with insulin-injection therapy, this study was designed to determine if nighttime pump use in young children could be beneficial and safe. The results indicate that nighttime pump use, when young children are home and under the supervision of their parents, is a viable alternative to continuous pump therapy. Nighttime pump use enables them to benefit from CSII, with regard to improving glycemia and reducing hypoglycemia, before they are capable of independently managing an insulin pump. 
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